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NATURE OF BOND AND DIPOLE MOMENT OF THE LiH MOLECULE

M. N, Adamov
Phys Inst, Leningrad State U
imeni A. A, Zhdanov

A description of the character of the bond as a superposition of homopclar
and ionic bonding 1s a very useful approximation in quantum-mechanical research
on the properties of mclecules. Such a description, for example, has already
made it posgible to explain the cbserved values for the dipole moments of mole-
cules with bonds of the intermediate type [l 7. Even for such a typically
homopolar molecules as the hydrogen molecule, regarding the bond as partially
lonic noticeably improved the conformity of theoretical and experimental velues
for the bond energy and polarizability [2 7. 1In the case of ionic molecules,
it is sometimes also expedient to allow for a correction dependent on the homo-
polar structure.

The coefficients for the terms of the wave function, corresponding to the
different structures, should be determined, generally speaking, by the perturb-
ational or variational method of calculating the bond energy. However, for
complicated molecules, the variational calculation entails practically insur-
mountable difficulties. That is why, in the calculation of such molecules, j
various simplifying assumptions are made which rarely can be rigidly justified.

For a roughly approximate estimation of the ionizability of the bonds of com-
plicated molecules, experimental datu on the dipole moments or bond energies
are used.

Variational calculation of the bond energy of the simplest polar molecule,
the lithium hydride molecule, was carried cut. The structure of the boni was
described by an atomic-ionic wave function, that is, the bond was regarded as
partially ionic.
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The comparative simplicity cf the function used made camputation of the
various molecular constants feasible for practical purposes, and made it pos-
#ible to explain the effect of individual electron cloud structures on the re-
sults of the computation. Calculations of the LiH molecule, which have been
made up to the present time /73 7, have not been based on the atomic-ionmic
vave function, and therefore do not permit predintions concerning the degree to
which the bond is ionizable, the role of the individual structures, the dipole
moment of LiH, etc.

In the LiH molecule, it may be assumed with sufficlent accuracy that the
bond is formed by two electrons, since » besides the outer electrons composing
the bond, there is only a closed layer of inper electronms in the lithium atom.
Assuming that the bond is formed by two electrons, it is only necessary to
meintain the orthogorality of the wave function of the inmner and outer elec-
trons [kj. The unique electron configuration of the LiHE molecule permitted
the use of equations correrpondirg to the method of the incomplete separation
of variables [ 5_7, in vhich the wave function is made up of the one-electron
function of the Inner and the two-electrom function of the outer electrons,
The LiH molecule is analagous to the beryllium atom in the distribution of elec-
trons. There is a very accurate calculation of this atom, according to the
method of incomplete separation of variables, which includes the distance be-
tween the electrons r o 1n to the wave function of the outer electrons [6 7.
The atomic-ionic func%lon, used in this article and composed of one-electronm
functions, does not include the obvious dependence on Ty o and, for that rea-
son is not & single two-election function in the usual s&nse. The only sig-
nificance of the method of incomplete separation of variables lies in the fact
that it permitted the use of several known equations,

The wave function used here to describe the state of the cuter electrons
of the LiH molecule, in the variational calculation of the bond energy before
orthogonalization, had the form:

D (2,2)= ¢, (L9,@)+4(2)y, (W+ag, (g, (2)+by, (Ly,(2), (1)

cefiicients characterizing the weight of the
1 expressions were uged &s one-electron

vhere < gnd B are the variable ¢
siructure., The following analytica
functions:

-\ /a2t ,m &7y
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where &, 8, and Yare the parameters of the atomic functions, and where r, and
I, are the distances of the electren from the hydrogen and lithium nuclel, re-
spectively.

The functions W, and {; were suggested by Fok and Petrashen' [17 for
calculation of the lithium atom. The function & (1,2) takes into account the
ionic structures Li* H~ and Li~ E+ along with the homopolar structure, For
orthogonalizetion, according to the equations corresponding to the method of
ircomplete separation of variables, comparat’vely small terms containing fac-
tors of the integral of superposition 5,,,,—5 oW, dT wvere added to the

VYo
function @ (1,2). The orthogonalized functidn has the following form:

-2 -

SECRET

SEGIE:

) [ N . - h]
Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP80-00809A000600290511-2



Sanitized Copy Approved for Release 2011/09/20 : CIA-RDP80-00809A000600290511-2
. i

: RIS
SECRET 50X1-HUM

(1,2)= §, (1) (2) 4, @Wa (D) +adp (Wb, @) +bd, (L) — ™ —
4, - a,l%(ﬁ! (3?3'1(2)?4/% (g)'}‘z 1 (ﬁ‘a- 4,1[5‘,’/',{1)9",4'% y— e’
_LPO 1 { ’ (3) li' b

) (1)]
b, I2g, 1209, (1]

The coefficients a and b will be called the weight factors as previously, al- .i f -
though in actuality the function (3) is somewhat different from the usual atomic- : i
ionic functionm. f;
#
To explain the relative rol: of the individual structures calculations were Y

conducted also with the wave function, taking only one (the Li*H-) ionic structure

into consideration (that is, b equals 0), and with a homopolar wave function

(a equals b equals 0). The coefficients for the ionic terms or, more accurately, :Lér—-———
their relation to the coefficlent in the hemopolar portion of the wave function

were calculated analytically according to the Ritz principle.

For convenience in calculation, the values for the parameters were rounded
Off tod=2.7, 0.8, and y=1 (for the lithium atom, variational calculation
gives a = 2,694 and 8=0.7667). Calculations were performed alsc for the purpose
of explaining the effect of small variatlons in these parameters., Such varia-
tion was shown to be of little influence. The internmuclear distance was assumed
to equal three atomic units (R equals 1.587 R), which practically conforms to
the experimental value R cquals 1.6 A). A simplified calculation was also per-
formed, as a result of which, as distinguished from previous calculations using
an exact operator for the molecular energy, the effect of the inner electrons
was regarded as being only a potential field of a cloud of negative charges
screening the lithium nucleus. The energy of interaction with this field was
included in the operator for the encrgy of the outer electrons. This modifica-
tion in calculation disregards exchange with irner electrons. The state of the
outer elections was described by functions (3), orthogonal to the function of
the inner electrons, DBesides this, simplified calculation with the usual atamic- 5
ionic fumction & (,2) was conducted. This calculation cannot be regarded as
correct, beceuse the orthogonality of the wave functions is not maintained.
Results of calculations are given in the following table:

— Table 1. Basic Structure of 1ill Tolecrie

Simplified Simplified
Calculation Calculation

Calculation with with with Non-
an Exact, Operator Orthogonal Orthogonal Exper-
for Energy Functions Functions iment
Coefficients of
ionic structures
[ 0 -0.746  -0.663 -0.689 -0.943 .-
b Y 0 0.123 0.139 0,119 --
Bond energy in
atomic units 0.0372 0.0553 0.0566 0,0511 0.0877 0.0948

Calculation of the ionic structures gave 34 percent of the computed value
for the bond energy which, however, comprised only 6C percent of its experimental
value, Calculation of the bond energy and the coefficients at atomic terms
showed that it is necessary to consider the ionic structure Li+ H- along with
the homopolar structure, Therefore, the bond in the LiH molecule is considered
an intermediate type. That portion corresponding to the structure Li-H+ 18 very
small,

It should be noted that the character of the ionizability of the bond of
isolated moleculee is generally found to correspond to the tendency towards
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ionization of these molecules in so.utions, since both these properties de-
pend on the great difference in the electronegativity of atoms, It is known
that the electronegativity of hydrogen is considerably greater than that of
lithium. It is also known that as a result of the electrolysis of solutions
of hydrides of alkali metals in liquid ammonia, hydrogen is liberated ot the
anode. Therefore, in the solution there are H~ anions. These facts serve
as indirect cowfirmation of the author's conclusion regarding the considerable
preponderance of the ionic structure Li* B~ . Simplified calcvlation using
the wave function of the outer electrons orthogonal to the function of the
inner electrons gauve a very small decrease for the computed bond energy, in
comparigon with the value obtained in the calculation with an exact oparator
for the emergy. Comparison of the results of these calculations again con-
firms thet, in using orthogonal functionms, the role of exchange interaction
with inner electrons should be small in the chemical bond /% /; that is, the
difference between the results of the simplified calculetion and the calcula-
tion with an exact operator for emergy should be small.

No importance should be atteched to the considerably greater conformity
with experimental data which is obtained in simplified calculation with non-
orthogonal functious.

The essential superposition of the lonic and homopolar linkage type, com-
bined with the comparatively large internuclear distance in the LiH molecue,
indicates that this molecule should have a significant dipole moment,

Calculation of the dipole mament of the LiH molecule, using a wave func-
tion corresponding to the method of incomplete separation of variables, leads
to the general equation:

p== () (L2)ry ary, (8)

where () (1,2) is a unit-normed function describing the state of the outer
electrons of the molecule; x; and x, are the coordinates of these electrons
plotted along the axis of the molecule relative to its center.

Using (1,2) as an atomic-ionic function, for which previously the co-
efficients were computed in lonic terms, the dipole moment was calculated. In
the basic calculation of the dipole moment, no terms were disregarded; ounly
the approximate character of the empioyed wave function was maintained, The
dipole moment was calculated with consideration of both of the ionic struc-
tures, Li+H~ and Li- H*+, and without consideration of the structure Li~ H*
éieparately 17. The moment obtained as a result of calculation with a purely

omopolar function is also given for comparison in Table 2,

The basic calculation was performed according to the following equation:

B T e T S T

N

Here:
_ o2 2
ﬁa:- B (1= 551 "+ 4 5) oll=85 1) xo,3,
b.—_— 7!
M e=" (80,1%0,1- S0,0%0,2),
Fﬂb'= - 250’2}(0,2,
Fac="(1—55,1)(880,2—2%0,2) b5 250,1%0,1,
f;bc' _; (n:O;2—gexo,2)) 2 >
N=a® (1-85,1)°+ b2 +2 (1+ 5§ o —Sp,1) + 2ab55 o+
1~-8 ib
+ 24850’2( O,l)+ SO;Z:
Where:
So,1=f4/osb1d”r, x0,1=\¢x 147,
So,2={pop22m %0,2m= \PpoX P2l T )
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The numerical values of the intsgrals are: ™ AR
iso:l-. 0.095
8g,p= —0.483 ’L :
x0,1= 0.097 Ry N i
xo,2= 0.416 Y !
Compari.on with the basic ca%culation verified the approximate =quation l—l,8_7: ] - }
n a +26$O‘2 e
p=1"g2 Z VFhas , 7 ——
a=+2(1 +SO,2)+ 0,2 &) N

This equation can be derived from equation (5) by setting b eq.2ls O and disre-
garding the terms containing the integral of superposition SO,. and the matrix
clements XO,l and Xo,g. The following table shows the results of the calculations:

Table 2. Calculation of Dipole
Moment of thks LiH Molecule

Calcu.atlon According

Basic “alculation to g .ation (6)
Coefficients of
ionic structures
a -0.746 -0.663 0 -0.943
b 0 0.123 0 0
Dipole moments in
atemic units
(a.u., 2.53D) 1.33 1.3k 0.34 3.04

These calculations for the dipole moment of the molecule :;.ve a value of
the order of 3.5D. Since there is, at present, no experiments. data for the
value of the dipole moment of litbium hydride, this result carnot be verified
experimentally. Approximately half of the value computed for .ze dipole moment
of the molecule results from the specific characteristics of susntum-mechanical
calculation requiring exchange integrals in the computation of <ae bond energy.
In other words, in the dipole moment of the LiH molecule, the --le of the so-
called transitional structure is large.

Calculation showed that the structure Li- H* can be disre arded. The
dipole moment, originating from the asymmetry of the electron -_.sud of the homo-
polar structure, is not a negligidbly small quantity ( “ of the uomopolar struc-
ture equals 0,34 atomic units).

The basic calculation gives a value for the dipole momen+t w#hich exceads
the value obtained according to the approximate equation (6) ty approximately
13 times. The varionce in the results of these two calculaticrr is traceable
mainly to rejection of the terms containing the matrix element 'Xo 2 and to the
use of nomorthogonal functions fn the derivation of eguatiom (£).’

Acknowledgement is made to M. G. Veselov for assistance rewdered in pre-
paration of this work which was submitted 15 December 1G48.
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